For the first time, the current study was designed to evaluate growing location on the chemical composition as well as the DPPH capacity of Crataegus azarolus L. (var. aronia (Willd.) Batt.) methanolic aqueous extracts. It was found that Crataegus azarolus L. collected from Neber (Governorate of Kef) had the highest total phenolic, flavonoids, condensed and hydrolysable tannin contents while the same genus growing in Jdidi (Governorate of Zaghouan) were characterized by the highest content of sugar (15.27 mg Gluc g −1 DW). Moreover, the plants contents' in P, K, and Na was investigated. Accordingly, the genus origins have shown to highly affect their content in the former minerals. In vitro, antioxidant activity was also determined using DPPH radical and expressed as concentration of each extract in order to inhibit 50% of DPPH radicals. 
Introduction
Crataegus L. genus that belongs to the Rosaceae family, is one of the most important genera with regard to the number of species. Crataegus azarolus L. The plant is widely distributed in North Europe, temperate regions of Asia, Africa and North America. Europe and eastern North America were suggested to be the most recent common areas for Crataegus L. In Tunisia, the Crataegus' fruits are known by their famous name "Zaaroura", while in Spain "Azerolier" and in the anglophons' countries by "Azerole Hawthorne". Crataegus azarolus L., present in Tunisia, is widely distributed in the Northern West, the Cap Bon (in the center), and the Tunisian Dorsal Mountain in bioclimatic zones extending from the upper semi-arid to the lower humid [1] .
Most Crataegus L. species have been reported to possess beneficial effects on human health. Extracts from aerial parts exhibited several biological activities such as antiinflammatory, vasorelaxing and hypolipidemic properties [2, 3] . In addition, two Tunisian research teams mentioned that leaves and fruits of Crataegus azarolus L. are rich in phenolic compounds and exhibited substantial antioxidant and antimicrobial activities [4] [5] [6] [7] [8] . In addition, it has also been demonstrated by Daniel et al [9] that fruits' and leaves' Crataegus L. extracts are safe for human consumption. In light of rare works on Crataegus azarolus L., and to our knowledge minor concern was attributed to study the effect of growing area on C. azarolus L. chemical composition and Biological activities. Thereby, the present investigation aimed to examine the phytochemical profiles, including phenolics, flavonoids and tannins, as well as carotenoids and mineral salts (Na, K, P). Antioxidant properties of Crataegus azarolus L. were also determined using DPPH assays.
Experimental

Plant Material
Crataegus azarolus L. fruits (var. aronia (Willd.) Batt.) were collected from three different locations: Jdidi (a city in the North of Tunisia, Governorate of Zaghouen, 33°53′12.901″ North, 9°32′14.996″ East in the sub-himid zone), Neber (a city in the Northwest of Tunisia, Governorate of Kef, 36°17′44.308″ North, 8°46′2.614″ East in the semi-arid zone) and Thibar (a city in the North of Tunisia, Governorate of Beja, 36°31′21″ North, 9°06′22″ East in the sub-himid zone), on December 2015. After harvesting, seeds were manually separated and the pulps (i.e; exocarp and mesocarp) were dried at 70 °C until no further mass changes in order to calculate the percentage of dry matter of Crataegus azarolus L. After drying, the samples were ground to a fine powder, used for the extraction of phenol compounds. The studied medicinal plant was identified by Professor Youssef Ammari, ~Labora-tory of Management and Valorization of Forest Resources of INGREF. A voucher sample (CA2015 for Crataegus azarolus L.) was deposited at the Herbarium of the former Laboratory.
Sample Preparations
Extraction of phenolic compounds. Each plant powdered material (5 g) were extracted by maceration in methanol/ water (80:20, v/v) (3 × 50 mL) at room temperature for 1 h. The extract was filtered through Whatman no. 4 paper. The methanolic/aquoeus extract was evaporated at 35 °C to dryness then stored at 4 °C until use.
Extraction of condensed Tannin (CT) and hydrolysable Tannins (HT).
Each plant materials (40 g dry weight) were soxhlet-extracted with hexane for six hours to remove lipids and lipophilic substances. Subsequently, the CT was isolated from the solid residue by an acetone/water solution (70:30, v/v) after addition of ascorbic acid (0.1%, w/v).
Subsequently, acetone were evaporated using a rotary evaporator, and the aqueous phase was washed successively with chloroform and ethyl acetate in order to remove chlorophyll, carotenoids, low molecular weight phenolics, and tannin monomers [10] .
On the other hand, the hydrolysable tannin was extracted by stirring with 10 mL of methanol/water 80:20 (v/v) for 18 h, at room temperature, 150 rpm. The extract was filtered through Whatman no. 4 paper then stored at + 4 °C until further use.
Total Phenols, Flavonoids, Tannins and Hydrolysable Tannins Contents
Total phenols were determined with Folin-Ciocalteu reagent according to the procedure described by Singleton and Rossi [11] with slight modifications [12] . Gallic acid was used as the standard for the calibration curve and results are expressed as mg of gallic acid equivalent g −1 DW. Total flavonoids content was based on the method described by Rigane et al. [12] with some modifications, the results were expressed as milligram of quercetin equivalents per 1 g of dry weight (mg of quercetin equivalent g −1 DW). On the other hand, the condensed tannins were tested colorimetrically by the method proposed by Saada et al. [13] with some modifications. To 50 µL of each extract, 3 mL of 4% vanillin reagent, a 1.5 mL volume of 4% concentrated H 2 SO 4 were added. After 15 min, the absorbance was measured at 500 nm. Catechin was used as a standard. The content of condensed tannins in the methanolic aqueous extracts was expressed as mg catechin equivalents per g of dry weight. In addition, the hydrolysable tannin content was calculated as follow: 1 mL of each sample was added to 5 mL of a 0.01 M of FeCl 3 aqueous solution (0.01 M of HCl). The samples absorbances were read at 660 nm and the hydrolysable tannin content was expressed as mg ellagic acid equivalents per g of dry weight.
Determination of Sugars
The extraction of sugars from C. azarolus L. was performed according to the method described by Albouchi et al. [14] . Briefly, 100 mg of the dry plant powder were mixed with 10 mL of 80% ethanol. The homogenate was heated with stirring in a water bath at 70 °C for 30 min. After cooling and centrifugation for 10 min at 6000 rpm, the soluble sugars contained in the supernatant were assayed to 0.2% anthrone in the presence of ethanol (80%). The control sample contained: 2.5 mL of anthrone and 1.25 mL of ethanol (80%). The reference range was established with pure glucose and diluted in distilled water. The absorbance was measured at the wavelength 640 nm. Soluble sugar contents are expressed in mg Gluc.g −1 DW.
Determination of Carotenoids (Provitamin A)
Carotenes were determined using the method described by Nagata et al. [15] . Briefly, 150 mg of each studied extracts were mixed vigorously with 10 mL of acetone/hexane (40: 60, v/v) for 1 min and then filtered on Whatman paper No. 4. The absorbance of the filtrate was measured at 453, 505, 645 and 663 nm. The content of carotenoids in the leaves green and blue C. azarolus L. expressed in mg per 100 g of dry weight was calculated using the following equation:
with A absorbance of the sample in each wave length.
Determination of Minerals
The mineral composition (Na, P and K) of C. azarolus L. extracts were carried out according to Pinta [16] in order to detect Na and K content while the phosphor (P) content was determined as described by Laurent [17] .
DPPH Scavenging Activity
DPPH assay was carried out as described by Rigane et al. [12] . Briefly, 250 μL of various concentrations of methanolic-water (80:20, v/v) extracts C. azarolus L. were added to 500 μL of methanolic solution containing DPPH radicals (6 × 10 −6 M). After a 30 min of incubation at room temperature, the decrease in colorization was measured at 517 nm using a UV-1800PC, Japan spectrophotometer.
Statistical Analysis
All analyzed parameters were determined in triplicate and reported as mean values of the three replicates and standard deviations. Statistical analysis was performed with the SPSS 14.0 statistical software (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ΟΝΕ-WΑΥ ANOVA) was used to evaluate variety depended differences regarding the parameters analyzed. In case of significance, differences between mean values of specific varieties and origin of growth were evaluated using the Duncan's new multiple range test. Means were considered statistically different at p < 0.05).
Results and Discussion
Total Phenolic Flavonoids, Tannins and Hydrolysable Tannins Contents
Considering the growing interest in the use of medicinal plants in both food and pharmaceutical industries, the total phenolic contents of Tunisian C. azarolus L. (hawthorn) pulps from three origins are presented in Table 1 . Among the three original growth of the former genera, hawthorn collected from Neber presented the highest phenolic content, followed by Jdidi and Thibar (57.17 and 8.52 mg GAE g −1 DW, respectively). The same tendency was observed in the content of flavonoids, condensed and hydrolysable tannins (Table 1) . Results showed that the highest condensed tannin content was found in the hawthorn cultivated in Neber with 97.17% of DW, while the lowest one was in those cultivated in Thibar (23.70% of DW). Bahorum and co-workers [18] observed the same tendency in the extracts of Crataegus monogyna. In addition, Cui et al. [19] mentioned that small proportion of the content of phenolic compounds corresponds to flavonoids. The Chinese research team showed that a high content of polyphenols in the fruits of Crataegus pinnatifida L. was due to the presence of procyanidins (19.7%), phenols (1.27%; chlorogenic acid) and flavonoids (0.48%).
While, Svedström et al. [20, 21] mentioned the presence of condensed tannins, expressed as DW, with different percentages: 1.58% in leaves, 1.15% in flowers while the highest concentration detected was in fruits with 0.15% of Crataegus laevigata L. From these results, and for the first time, our research team concluded that the change in the polyphenolic content varies with climate as well as soil type. 
Determination of Sugars
The comparison between the total sugars present in Crataegus extracts shows that those collected from JDIDI had the greatest concentration with 15.27 mg GlucE g −1 DW, followed by Crataegus growing in Thibar and Neber ( Table 2 ). The significant differences in sugar concentrations probably reflect the metabolic behavior of each Crataegus' origin in relation to the environmental conditions. It is worth noting that, the soil composition and climatic conditions seem to strongly affect the plants primary metabolism. Soluble sugars have two main roles, they participate in metabolic pathways and act as molecular signals for the regulation of various genes, particularly those involved in photosynthesis, sucrose metabolism and synthesis of osmolyte [22] . In addition, Edwards et al. [23] mentioned that sugars and sugar alcohols are measured in those hawthorn species that are more commonly consumed as food.
Determination of Carotenoids (Provitamin A)
Carotenoids play an important role in the oxidative stability due to their antioxidant nature in the dark and prooxidant activity in the light. Results of provitamin A are displayed in Table 2 . It was observed that C. azarolus L. growing in Neber exhibited elevated levels of carotenes (5.27 mg 100g −1 of DW) with a significant difference (p < 0.05), than other origins. Differences found between the carotenoids obtained from Crataegus azarolus L. growing in different area from Tunisia seems to be related particularly to geographical origin.
Determination of Minerals
In this section, our purpose was to explore the mineral composition of Crataegus azarolus L., Fig. 1 shows the results of minerals analysis. We observed significant differences (p < 0.05) in the concentrations of P, Na and K. These minerals are often taken as supplements [24] due to their important role in human health for example potassium and sodium are the principal cations in intracellular fluid and functions in acid-base balance, conduction of nerve impulses, muscle contraction and Na + /K + -ATPase [25] . Table 3 shows the DPPH radical-scavenging activity of Crataegus azarolus collected from Jdidi, Neber and Thibar as well as the well-know synthetic antioxidant (BHT). The results clearly indicated that C. azarolus L. from Neber showed the most antioxidant extract after BHT. Furthermore, the total phenolic compounds showed a positive correlation with the radical-scavenging activity results suggesting that phenolic components constitute the major molecules acting as free radical terminators.
Antioxidant Capacity
Conclusion
In conclusion, with regard to Crataegus azarolus L., the results presented herein indicate a completely different chemical profile with respect to its origin. It is interesting to underline that phenolic, sugars and carotenoids content as well as the mineral composition was mainly affected by the plant cultivated origin. Based on this study the phenolic, flavonoid and condensed tannin content present the highest level when C. azarolus L. was cultivated in semi-arid zone. Therefore, these results provide valuable information for distinguishing hawthorn fruits of different origins and evaluating their quality for industrial application. 
